haracterization of the structure and species composition of tree communities is the first step in understanding forest ecology and dynamics. For example, such information has been useful for comparing and understanding historical and ecological relationships among forests . Data on tree species distribution also allow to unravel complex concepts and develop models on 43 Bol. Soc.Bot.Méx. 79: 43-60 (2006) , basal area 15.9 m2 ha -1 , and canopy height 6.8 m. Trunks with DBH ≤ 14 cm accounted for 90% of the entire set. A total of 148 species, 102 genera, and 43 families were recorded. Seventy percent of all species were poorly represented (< 10 individuals ha -1 ). A Principal Component Analysis (PCA) based on structure and diversity variables showed that plots from the same morpho-pedological land unit were not always located close to each other along the two first axes, but a further PCA based on dominant species clearly divided two groups of plots. Although canopy structure and tree species diversity varied continuously across the landscape, β-diversity (evaluated through species similarity between plot pairs) and the identities of dominant species exhibited the clearest distinction. The dichotomy between granitic vs. non-granitic lithology was the condition most clearly related with a lower similarity in species composition and the strongest contrast in the dominant species group. Key words: Chamela, lithology, mesoscale, Mexico, morpho-pedological land units, species composition, tree community.
44 1996), whereas tropical deciduous forests (TDFs) have received much less attention, despite their widespread occurrence in the inter-tropical belt (Murphy and Lugo, 1986; Bullock et al., 1995) . Nowadays, TDFs are becoming better studied, but basic knowledge about their structure and tree diversity patterns at the landscape level is still lacking. Moreover, detailed analyses on tree community structure and diversity in tropical forests have been commonly conducted at local scales (a few hectares or less), including the notorious efforts in "large" plots (≥ 16-50 ha; Campbell, 1994; Losos et al., 2004) . In contrast, relatively few analyses are available at the mesoscale (hundreds of hectares to dozens of squared kilometers, sensu Delcourt and Delcourt, 1988) . At the mesoscale or landscape level, either through direct observation or by remote sensing tools, undisturbed tropical forests appear to exhibit homogeneous canopies (Campbell, 1994; Richards, 1996; Kalacska et al., 2004) . However, vegetation and plant community ecologists agree in that tree canopies regularly comprise a mixture of different structural and compositional patches (Cleef et al., 1982; Rzedowski, 1986; Gentry and Ortiz, 1993; Condit, 1996; Ricklefs, 2000) . Therefore, the analysis of the degree of structural and compositional heterogeneity in tropical landscapes is of paramount importance. Landscape level studies in tropical forests have documented spatial patterns in plant communities and explored their ecological relationships with physical factors, including geomorphology, soils, landforms, elevation and lithology. However, the heterogeneity of these factors is sometimes difficult to examine at smaller spatial scales (Duivenvoorden and Lips, 1994; Clark et al., 1995; Condit, 1996; Tuomisto et al., 1995; Vázquez-G. and Givnish, 1999; Villers et al., 2003; Pérez-García and Meave, 2004) . These studies indicate that an initial survey of the physical environmental mosaic may suggest differences between habitats, allowing to put forward preliminary hypotheses on the relationships between vegetation patterns and the physical environment (Campbell, 1994; Wright, 2002) . Knowledge of a landscape's physical environment may also help locate vegetation samples and orient the discussion of results (Chazdon, 1996; Ricklefs, 2000) .
Among Mexican TDFs, the ecosystem of Chamela (Jalisco State, Mexico), is one of the best known, because numerous patterns and processes have been studied there during more than three decades (Maass et al., 2005) . Particularly, tree community patterns have been described through rapid assessment procedures (Lott et al., 1987) , by detailed analyses in small-watersheds (Galicia et al., 1999; Balvanera et al., 2002; Segura et al., 2003) , and through meticulous review of data from different studies . However, until now an examination of structure, species composition and diversity patterns at the landscape level is lacking. Thus, based on previous studies of the different morpho-pedological land units (Cotler et al., 2002; Durán, 2004) , here we aimed at describing and analyzing tree community patterns in the TDF of Chamela. We addressed two questions: How much does structure in the tree community vary across the landscape? How is tree species diversity organized within a mosaic of different morpho-pedological land units?
Materials and methods
Study Site. The study site was the Chamela Biological Field Station, which belongs to the Universidad Nacional Autónoma de México. It is located near the Pacific coast of Jalisco State, western Mexico. The climate, according to García's (1988) modification of Köppen's system, is the driest among tropical humid climates (Aw0). Mean annual temperature and precipitation are 24.9°C and 748 mm, respectively. A strong seasonality is observed, with 88% of annual precipitation falling between June and October (Bullock, 1986) . In the 1,600 ha study area, 14 morphopedological land units were identified (figure 1; Cotler et al., 2002; Durán, 2004) . Tropical deciduous forest (TDF) dominates the landscape and is present in 11 out of the 14 land units, with the vegetation cover in the remaining units being tropical subdeciduous forest .
Tree community characterization. The tree community (DBH ≥ 5 cm) was studied in 21 plots of 0.24 ha each (30 × 80 m). Plots were distributed among the six largest and most contrasting morpho-pedological land units with TDF (figure 1): (1) SAG: Summit areas on granite, (2) SAT: Summit areas on tuffs, (3) LSG: Low rectilinear slopes on granite, (4) ISG: Intermediate rectilinear slopes on granite, (5) HSG: High rectilinear slopes on granite, and (6) SACG: Summit areas with conglomerates cover on granite. In each land unit, the plots were established in similar slope and soil depth conditions. Individual trunks were counted and their DBH measured. Canopy height was measured in each plot along two 80 m parallel transects, with 42 point readings taken at 2 m intervals with an optical range finder. Species level taxonomic identities were recorded in situ; in case of doubt identification was confirmed by comparison of tree samples with herbarium specimens.
Data analysis. Structure and diversity descriptive parameters were compared between the six morpho-pedological land units with non-parametric Kruskal-Wallis tests (Siegel and Castellan, 1995) . Diversity was assessed through species richness and Shannon (base e) and Simpson indices (Magurran, 1990) . Comparisons of shared species between pairs of plots (β-diversity), were made by calculating the quantitative version of Sørensen similarity index, which is less sensitive to very abundant species (Magurran, 1990 ; Frequency distributions in these categories were compared through Kruskal-Wallis tests (Siegel and Castellan, 1995) ; the number of species shared in plot pairs and similarity values for plot pairs located in the same and in different lithologies were compared by t-tests. Species and family dominance was determined by plot, by morpho-pedological land unit, and for all plots combined. Percent dominance was estimated by using the equation:
relative density (%) + relative basal area (%) % dominance = 2
Completeness of the tree richness representation in the landscape was assessed by drawing cumulative speciesarea curves derived from the non-parametric Chao 1 model (Colwell, 2000) , which uses species abundances for making the prediction (Moreno, 2001) . Cumulative frequency was the mean value of 50 iterations for each morpho-pedological land unit (three or four increments) and for the entire study (21 increments). Observed and estimated species richness were compared through χ 2 tests (Siegel and Castellan, 1995) .
Principal Component Analysis (PCA) was used to analyze the variation in structure and species composition among morpho-pedological land units (Jongman et al., 1994) . One PCA used a matrix with 15 structural variables per plot (number of trees, number of stems, mean DBH, standard deviation of DBH, total basal area, mean height, standard deviation of height, number of multi-stemmed trees, percent proportion of multi-stemmed trees, sum of importance values of the five most dominant species, Shannon index, Simpson index, number of species, number of genera, and number of families). A second PCA was performed based on a matrix containing percent dominance values of the ten most dominant species in each plot (63 species in total). Differences between plot scores on the first two Principal Components, when plots were grouped by morpho-pedological land units and by lithology (granite vs. non-granite) were compared through Mann-Whitney tests.
Results
Structure, diversity and species composition. Tree community structure was highly variable within and among morpho-pedological land units (table 1a) . Mean density for the 21 plots was 1,385 individual trees ha -1 (range: 804 -2,117 trees ha -1 ). SAG plots had the largest tree density; however, basal area in them was lower than in other land units where densities were lower (SAT, SACG, and LSG). These differences are related to the frequencies in DBH classes. Trunks with ≤ 14 cm DBH accounted for 90% of the total (figure 2a). SAT, SACG, and LSG land units showed similar relative frequencies in the ≥ 5-14 (± 85%) and ≥ 15-24 (± 10%) DBH classes; in contrast, SAG and ISG land units had the most slender trunks. Overall, trunks with ≥ 25 cm DBH were infrequent (2.5%). Although some trees reached heights of 17 m, more than 61% of the 1,722 canopy height readings ranged between 5 and 9 m, and 4% of them were ≤ 2 m (figure 2c). Mean canopy height for the 21 plots was 6.82 m (± 1.99, S.D.). Only for SAG mean height was shorter (5.9 m) than the overall mean, but it displayed a larger coefficient of variation (36.6%) than the other land units. In addition, the proportion of multistemmed trees was similar on granite land units (SAG, LSG, ISG, HSG), where it was around 15%, but in plots on non-granite lithology (tuffs and conglomerates) this condition was observed in about 20% of trees (table 1a). Significant differences in the proportion of multi-stemmed trees were found between plots on granite and non-granite lithology (U = 21, P < 0.05).
In total, 42 families, 102 genera and 148 species were recorded (table 1b) . Maximum and minimum values showed that richness at family, genera and species level, as well as diversity indices, were highly variable among plots. There were no significant differences in tree diversity between morpho-pedological land units (U = 5, P = 0.05), even though extreme diversity values were found in SACG and HSG. Families with the largest genera and species richness were Leguminosae, Euphorbiaceae and Rubiaceae (figure 3a, b; appendix 1). The three most speciose genera were Lonchocarpus, Bursera, and Caesalpinia, which together accounted for 28% of total species richness (figure 3c). The families/genera (1:2.4), families/species (1:3.5), and genera/species (1:1.4) ratios indicate that genera richness is relatively large in the canopy of Chamela's TDF. Most families, genera and species were poorly represented, despite their important contributions to richness. Species composition and abundance were variable among plots and morpho-pedological land units, and no single species occurred or was dominant in all land units (table 2; appendix 1). When data for all plots were combined, Caesalpinia eriostachys emerged as the most dominant species (importance value of 12.5%). Spatial organization. Species-area curves suggested that a large proportion of the tree species richness of Chamela's TDF was represented in the five hectares covered by this study ( figure 4a, b) . However, it is likely that there are more tree species, given the significant differences between the observed and estimated species richness from the curves based on all 21 plots (χ 2 = 35.75, P < 0.05). Particularly, the number of species may be larger in the four land units for which significant differences (P < 0.05) between observed and estimated species richness were obtained (SAT, Table 2 . Percent dominance values for the ten dominant tree canopy species in the entire sample and in the different morpho-pedological units where they occur. Dominant species in the entire community account for a large proportion of the total value for all species, but they are not always the most important in the different units, and in some cases, that they are not even present. Abbreviations: SAG = Summit areas on granite; SAT = Summit areas on tuffs; SACG = Summit areas with conglomerates cover on granite; LSG = Low slopes on granite; ISG = Intermediate slopes on granite; HSG = High slopes on granite. 11.45). In contrast, observed and estimated values did not differ significantly in SAG and ISG, suggesting that a surface < 1 ha is sufficient to represent species richness in them. Different slopes in species-area curves by morphopedological land unit suggested differences, albeit moderate, in the total diversity of each one (figure 4b). SACG was consistently the poorest land unit regarding species richness, while HSG and LSG appeared as the most diverse. The number of species shared in plot pairs was very variable (range: 4 -40 species). However, an overall large species turnover (β-diversity) was observed in Chamela's TDF, because 50% of 210 comparisons performed between pairs of plots produced low similarities (Sørensen index ≤ 0.25), whereas not a single one had a value > 0.75 (figure 5). Frequencies in three similarity categories (low, moderate, high) differed significantly from each other (χ 2 = 159.2; P < 0.05). In addition, the mean number of shared species between two plots from different lithologies was signifi- cantly smaller than the mean number of shared species by plots from the same lithology, either granite or non-granite (t = 7.80; P < 0.05). The comparison of similarity index values for plot pairs from mixed lithologies and from a single lithology was also significant (t = 10.73; P < 0.05).
PCA ordination showed that plots from the same morpho-pedological land unit were not in close proximity to each other (figures 6a, b) . However, significant differences in the scores of plots from granite and non-granite lithology were obtained for the second Principal Component (PC2) based on structural attributes (U = 14; P < 0.05), and for the first two axes (PC1 and PC2) based on dominant species (U = 96, and U = 75; P < 0.05). In the structurebased PCA, PC1 and PC2 explained together 69% of total variance (figure 6a). Plots located on the right (positive) side of PC1 had larger DBH and height means, while those located on the upper (positive) part of PC2 had large dominance values for the five most important species, and they were the least dense and diverse. In contrast, in the PCA based on dominant species, the first two principal components accounted for 32% of variance. Bourreria purpusii, Comocladia engleriana, Gliricidia sepium, and Plumeria rubra made a major contribution in defining PC1, whereas Bahuinia ungulata, Erythroxylum mexicanum, Cordia alliodora and Croton pseudoniveus took the lead in defining PC2.
Discussion
Structure and species diversity. Chamela's TDF canopy is essentially dominated by trees, contrasting with other Mexican TDFs, where arborescent columnar cacti stand out among the physiognomic elements (Rzedowski, 1986; Búrquez et al., 1999; Pérez-García et al., 2001) . Based on the analysis of trees with DBH ≥ 5 cm, Chamela's TDF may be described as having a moderate to high density (> 1,000 individuals ha -1 ), with a prevailing DBH of < 10 cm and a typical inverse J-shaped distribution, a canopy mean height ≤ 10 m, and a minor presence of multi-stemmed trees (< 20%). In total, 148 tree species were identified, and apparently species diversity was high everywhere (average per plot = 40 species). Both structural attributes and species diversity estimators displayed spatial differences, and even the dominant species group was variable among sites. Such variability does not seem to be an exclusive character of Chamela, as it has been found in other tropical forest landscape studies (Vázquez-G. and Givnish, 1998; Duivenvoorden and Lips, 1995; Kalacska et al., 2004; Pérez-García et al., 2005) .
The spatial variation in tree canopy structure and composition calls out for caution when attempting to extrapolate local particularities to landscape or regional levels. When comparisons between tree communities are performed, the use of unique or mean values for structural and diversity variables, as well as generalizations on species composition, should be avoided. Measures of variability, such as standard deviations and ranks, may be much more useful in describing and comparing forest communities (Jongman et al., 1995; Greig-Smith, 1996) . Species lists, together with dominance and distributional data, may also provide a better insight of existing patterns of species composition. For example, from the compositional information obtained in this study we have learned about the exclusivity of species such as Apoplanesia paniculata, Caesalpinia coriaria and Lonchocarpus minor on non-granite lithologies, or the presence of Comocladia engleriana, Exostema caribaeum, Gliricidia sepium, and Piptadenia constricta restricted to granite. These results illustrate how more detailed descriptions of vegetation mosaics in tropical forest regions may help identify basic landscape patterns of species distributions (Hubbell and Foster, 1992) , and expose fundamental structural and diversity information for tree communities that, undoubtedly, is still incomplete (Chazdon, 1996; Ricklefs, 2000) .
Tree canopy landscape pattern. Chamela has been pointed out as one of the most species rich sites among Neotropical TDFs (Gentry, 1988; Trejo-Vázquez, 1998) . In less diverse TDFs in Puerto Rico (Murphy and Lugo, 1986) , India (Parthasarathy and Karthikeyan, 1997) , and Bolivia (Killeen et al., 1998) , species-area curves exhibited stability in areas smaller than, or similar to, those we used in this study. In contrast, species-area curves for Chamela did not achieve stability, although they appear to provide a good depiction of total species richness by land unit. Nevertheless, the generalized agreement on the large het-erogeneity in the physical conditions of Chamela's landscape warrants the expectation that more species may be added by increasing sampling effort (Galicia et al., 1999; Balvanera et al., 2002; Cotler et al., 2002; Durán et al., 2002) .
Landscape-level mosaics in the physical environmental of tropical forests are widely recognized as promoters of habitat heterogeneity, thus enhancing structural and compositional variation in plant communities (Cleef et al., 1982; Campbell, 1994; Condit, 1996; Richards, 1996; Hubbell and Foster, 1992; Gentry and Ortíz-S., 1993; Clark et al., 1995; Búrquez et al., 1999; Wright, 2002) . In this study, examination of tree patterns showed that Chamela's TDF canopy was made-up by different assemblages with variable structure and species composition, but above all in dominant species. Structural attributes or species diversity in the plots did not show any obvious relationship with their corresponding morpho-pedological land unit. However, differences in the dominant species group and species turnover (β-diversity) were clearly related to lithology (granite vs. non-granite). Lithology has been repeatedly pointed out as influencing vegetation heterogeneity across tropical landscapes (Killeen et al., 1998; Lieberman et al., 1996; Tuomisto et al., 1995; Vázquez-G. and Givnish, 1998; Villers et al., 2003; Pérez-García and Meave, 2004, 2006) . The ecological role of lithology may reside in its potential to influence soil nutrients, physical and chemical properties, and landforms (Gerrard, 1992) . Thus, in addition to the recognition of riparian vs. nonriparian habitats (Lott et al., 1987) , and the insolation and elevation gradients within small watersheds (Galicia et al., 1999; Balvanera et al., 2002; Segura et al., 2003) as key factors explaining structural and compositional contrasts in Chamela's TDF, we have shown here the importance of lithology at the landscape level.
TDFs thrive on multiple lithologies (Rzedowski, 1986; Trejo-Vázquez, 1998; Gillespie et al., 2000) , and in Mexico continuous TDF canopies are common across mosaics comprising different lithologies (Vázquez-G. and Givnish, 1999; Búrquez et al., 1999; van Devender et al., 2000; Villers et al., 2003; Pérez-García et al., 2005) . Therefore, in the absence of intense or chronic anthropogenic disturbances, lithology should be focused on as a key factor in analyzing dominant species of these forests, as well as α-and β-diversity patterns in tree community studies at landscape and regional levels.
Floristic spatial patterns. Focusing on the floristic patterns at the landscape level, this study showed that Chamela's TDF was diverse not only in species, but also in genera and families. However, no one tree species occurred in all sampled sites and, in contrast to the relative high species richness, only a few species were widely distributed and prevalent in the canopy (appendix 1). The ten dominant species represented a cumulative importance value of 44.9%, with the extreme case being Caesalpinia eriostachys (12.7%). However, these species were unimportant or even absent from some land units. This pattern was clearly reflected as a high β-diversity, with the prevalence of low species similarities in the comparisons between plot pairs.
Distribution and abundance patterns of species of Chamela's TDF seems to be influenced by internal and external floristic variation, as many species are shared with other TDF sites. Caesalpinia eriostachys is one example of species found in other Mexican TDFs, e.g. Caleta, Michoacán, and Copalita, Oaxaca (Trejo-Vázquez, 1998), but it was absent from one land unit in Chamela and from another TDF close to Chamela (Vázquez-G. and Givnish, 1992) . Other species, such as Ceiba aesculifolia, Lysiloma microphyllum (now L. divaricatum), Hintonia latiflora, and Erythroxylum mexicanum, all of which have been reported as being relatively abundant and widely distributed in Mexican TDFs (Trejo-Vázquez, 1998; Van Devender et al., 2000) , were encountered in Chamela, but poorly represented and concentrated in some sites.
Very few genera had many species (Lonchocarpus, Bursera, and Croton). Caesalpinia, a genus with a broad range and important in the structure of other TDFs (Lott and Atkinson, 2002) , was noticeable for its abundance and wide distribution across the landscape. In contrast, Tabebuia, Casearia, and Trichilia, all of them widely distributed genera in Neotropical TDFs (Gentry, 1995) , were not dominant, nor did they occur in all morpho-pedological land units. According to the number of families, Chamela was comparable to TDFs located elsewhere in Mexico (Trejo-Vázquez, 1998), Costa Rica (Gillespie et al., 2000) , and Brazil, Colombia and Venezuela (Sampaio, 1995) . Over 40% of species and genera in Chamela belong in the Leguminosae, Euphorbiaceae and Rubiaceae families; these families are also dominant in other TDFs. Dominance of Leguminosae and Euphorbiaceae is consistent among different Neotropical TDFs (Gentry, 1995; Killeen et al., 1998; Sampaio, 1995; Trejo-Vázquez, 1998; Gillespie et al., 2000; Kalacksa et al., 2004) , but not in those from the Paleotropics (Parthasarathy and Karthikeyan, 1997) , and Rubiaceae prevailed in a Caribbean island (González and Zak, 1996) . Other families, such as Rutaceae and Boraginaceae, are also important in other Mexican (TrejoVázquez, 1998) and Indian TDFs (Parthasarathy and Karthikeyan, 1997) .
Common families that are well represented in Chamela and other Neotropical TDFs suggest the existence of a same phytogeographic pattern (Gentry, 1995) . Although the presence of common genera and species in Neotropical TDFs was less evident, many such taxa are shared among Mexican TDFs (Vázquez-G. and Givnish, 1992; TrejoVázquez, 1998; Búrquez et al., 1999; van Devender et al., 2000; Lott and Atkinson, 2002; Pérez-García, 2002) , sug-gesting that Chamela forms an integral part of a large regional flora. In contrast, local patterns of species distributions and abundances may be more closely related to ecological processes, mediated by biotic and abiotic factors and recent history (natural and anthropogenic disturbances).
Our results support the idea of the large heterogeneity of tree communities and species assemblages making up the term tropical deciduous forest in Chamela. Also, they show fundamental phytogeographical and environmental determinants in the characteristics of these tree communities. The complexity of the spatial patterns in these tree communities needs to be better documented with quantitative data on structural attributes, diversity and species dominance, because this information together provides valuable information and helps develop a more realistic understanding of, and sensible comparisons between, seasonally dry tropical forests. Empirical data derived from landscape studies on species composition and abundance patterns are needed in order to test more complex concepts related to tropical plant communities, of which the metacommunity theory is an example (Chase, 2005) .
